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Analysis of Na" and K* Homeostasis and SKC1 Haplotype of
Rice Germplasm Accessions under Salt Stress
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Crops in Ningxia , Yinchuan 750021 ;*Ningxia Runfeng Seed Industry Co., Ltd, Yinchuan 750001 )

Abstract: To investigate the effects of Na"and K" content and distribution of the seedling shoot and root on
the biomass accumulation and salt tolerance in rice, 51 rice germplasm accessions were analyzed under salt
stress treatment by using Yoshida culture solution containing 125 mmol/L NaCl. Five morphological parameters
including salt tolerance score (STS), relative root length (RRL) , relative shoot dry weight (RSDW) , relative
root dry weight (RRDW ), shoot water content (SWC), and six ion indexes, namely shoot Na content (SNC),
root Na™ content (RNC), shoot K* content (SKC), root K* content (RKC) , shoot Na*/K'ratio (SNa”/K*) and
root Na"/K" ratio (RNa"/K*) were measured. On the basis of principal component analysis (PCA) , with
membership functions and weighted standard deviation coefficient method, a comprehensive evaluation D value
for each rice germplasm accession was obtained. Specific primers for amplifying the coding region of SKC1 were
applied for sequencing, alignment and haplotype analysis. SNC was significantly negatively correlated with

other morphologic indexes except RRL, and STS was found to be significantly negatively correlated with SNC,
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RNC and SNa'/K'. Meanwhile, significant positive correlations among STS, RSDW, RRDW and SWC were
revealed by correlation analysis. PCA with 11 indexes suggested four major components, with a cumulative
contribution rate of 82.093%. Six key indexes, including RSDW, STS, RRDW, SNC, SNa'’/K' and RNC,
were selected based on the loadings of 11 indexes in PC1. Combined with the linear regression analysis between
the D value and these six indexes, it was found that STS and SNa'/K" may be the key factors affecting salt
tolerance by maintaining growth and ion balance in rice seedlings respectively, with a great regression coefficient.
The diversity analysis of SKCI coding sequence suggested nine different haplotypes of 51 rice germplasm
accessions. The Hapl detected in Koshihikari was dominant in japonica rice accessions, and the Hap7 detected
in Nona Bokra was dominant in indica and Aus rice accessions. Collectively, the results gained from this study

provided a theoretical foundation for identifying the salt-tolerant rice germplasm accessions in ion homeostasis.

Key words: rice;salt resistance ; ion homeostasis ; SKC/ ; haplotype analysis
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Table 1 Names, origin and types of 51 rice germplasm accessions and their D values, comprehensive ranking and haplotypes

i EAS FreEORE DE HEA AR || 'S E4S JE ks DI Hezn o i
No. Name Origin D value Ranking Haplotype || No. Name Origin D value Ranking Haplotype
1 K126 v A 0.708 3 Hapl 27 WA B G hETHE 0.632 18 Hapl
2 T 629 FETE 0619 21 Hapl |[28  WHBFEARE  HETE 0585 26 Hapl
3 ik H A 0.676 6 Hapl 29 PNERS HETE 0.435 35 Hapl
4 BRI  hEREE 0.666 7 Hapl ||30 INETARE HETE 0470 31 Hapl
5 K195 o AR 0.692 4 Hapl 31 INSEARAE PETE 0.645 12 Hapl
6 AR 843 hETE 0.641 13 Hapl 32 ATUhENAE S hETE 0.548 28 Hap2
7 HOkG HA 0.648 11 Hapl 33 INEIARRE hETHE 0.623 19 Hapl
8 B2 5 P 0.663 8 Hapl 34 AER¥MAE hETE 0.509 30 Hap2
9 K626 b 0.632 17 Hapl 35 EITRER HESE 0.603 24 Hapl
10 PRHCe S b 0.652 9 Hapl 36 R i 0.405 38 Hapl
11 PR it 0.323 49 Hapl 37 £t 1% PE A 0.355 42 Hap3
12 Je k22 PESEET 0351 45 Hapl 38 pkibObTERAE hEAE 0.614 22 Hapl
13 T8 hE A 0.299 50 Hap4 39 BT HE 0.435 34 Hapl
14 TR 8 w1 0.345 47 Hapl 40 Bertone EikaKa 0.722 1 Hapl
15 WwE2% hETE 0.333 48 Hapl 41 Agostono B 0.641 14 Hapl
16 FliE HA 0.354 44 Hap5 42 By e 0.634 15 Hapl
17 RAR518 AR 0.376 41 Hapl 43 Banat725 TRIF 0.349 46 Hapl
18 BifE36 o 0.408 36 Hapl 44 R HE = 0.385 40 Hapl
19 I 79 LT 0.236 51 Hapl 45 Pokkali EppE 0.678 5 Hap7
20 NHI25 I S 0.390 39 Hapl 46 9311 LR EERG ) 0.623 20 Hap8
21 4154-4 R VLR 0.355 43 Hapl 47 )Pk 881 HpE )i 0.720 2 Hap7
22 THR H A 0.406 37 Hapl 48 FEKFE ERESMNE) 0.649 10 Hap7
23 LR A JLN I 0.526 29 Hap6 49 Al 91499 EYTIR 0.602 25 Hap9
24 EER E TR 0.458 33 Hapl 50 Aus317 E)IE 0.464 32 Hap7
25 /KGR hETE 0.604 23 Hapl 51 Ausd26 i 0.633 16 Hap7
26 Oy i PETE 0.553 27 Hapl

G5 1~23 AT RGRR ST 5 24~44 TG 7 5T 5 45~49  AAEFITT 5 50~51 : Aus Fit 5T

No. 1-23: Japonica rice cultivars; 24-44 : Japonica rice landraces; 45-49: Indica rice germplasm; 50-51: Aus rice germplasm
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K, B3 REL , HER 24k, ERaimE,
2 d A 1 OB SRR SIS R R R T SR
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A3 AN E S A
123 DNAREE5PCRY I KHKE 1.5%
CTAB 7" 4 B4 Fh Jot B¢ I i i DNA. #1190
- 55 SEUSER X SKCT 2 5 X 2 BE AR S A6 kT Y
51 ¥ % F: GCATCCTTGGCCTCTACTTC; R:
ATATGTCCCAGGCCAGAGTA, X 4% Fft Jfi ) DNA
AT PCRY M . BEFHAL S R A LAWRHA R A H
M5 Magic Neo High-Fidelity Polymerase, & F 25 uL
P14k 2 : 2xMagic Neo PCR Buffer 12.5 uL,2 mmol/L
dNTPs 2.5 uL, Primer (10 pmol/L)0.5 uL, A {4 EL i
0.5 uL,DNA 2 pL,ddH,0 7 pL. W AEFEAF -
95 °C 2 min; 95 °C 255,55 °C 255,68 °C 305,361~
EFR ;68 °CJ5 ALAH 5 min, 4 CLRAF . 385
1.5% By RE B ERE S FEL DR ARSI, 3% 22 A T AR TR (1
TR ) IBE O AT RN /I, 45 5 1 A R A0 #r o
1.3 HIESH

F FH Excel2013 %% PR 6 %085 22 & . LA
SPSS25.0 % 51 #y KRR o B U5 11 4T £ AH G A5 A%
HEATA DGR I3 B 25 55 0 3 0 A L 2R3 A B
A EH T AEAR B SRR REUE & LS R bR
FIACEE (LRGN ERRE ) DRI A NS

SCHR[19], F) Ff DNAMAN X il J 2%
ST

2 FERESH

2.1 S1KRBEMRFFELBE TESEMSFE
EFE ST

2.1.1 KIEMREFREREFGETHBEEZIENE
FRE|B R 20T AL E S MBS bR T Wi Eh S
3] A XS b 3 B RN AR X AR T Y AR S A
I AR S R B, A 30.0% LB 3 S K
(A8 S ZEE /N AU 4.4% ., 6 DB FHEFRTE ST 15
JRAE RN e, YR B R AR = R, A
18 R 27.7%~78.9%; b I #K M FR Na' % & 1 i
MBI e RABLYS) e TR L A7 1) KO s L AR &R
Na' 7 2 FH 2R Na /K (1% 48 535 [ 4390 ok 44.2~
263.9 mg/g F13.6~60.1; Hi I Na/K FIHR F Na/K*
RIS S 2B B K 67.3% F178.9% . 114N Eh AT 5%
FeAnh, B T M RS K G RO X AR K =2 A, HoAth
9 MNEBRI S T R B TE 20.0% LA |, F A A
T EATEARIZK R BT (] 22 Aok, BB B
& AR

AT HE X

®2 SUAKTEMBREREME R4 TEB&IENERNSHST

Table 2 Parameters statistics of evaluation indexes of 51 rice germplasm accessions under salt stress at seedling stage

EiE 7 i/ M HRME il FEE PrifE2E A5 RE(%)
Indexes Min. Max. Median Mean SD cv
it k%5 STS 1.4 7.5 5.3 4.9 1.7 35.7
HAXIHK (%) RRL 45.4 98.8 712 70.9 12.8 18.1
AHXTHb T8 (%) RSDW 31.1 96.9 73.2 67.3 20.3 30.2
AHXTHLTE (%) RRDW 20.2 98.7 59.3 60.7 23.9 39.3
H AR K (%) SWC 64.2 80.0 74.6 74.3 3.3 4.4
Hb B Na™Zr it (mg/g) SNC 41.1 135.6 71.4 72.9 20.2 27.7
HZ Na™F & (mg/g) RNC 442 263.9 64.7 75.2 34.1 45.4
H K i (mg/g) SKC 5.0 23 21.0 21.8 7.1 326
WA K= (mg/g) RKC 1.0 16.6 6.3 6.6 3.2 47.9
H 3 Na/K*™ SNa"/K* 1.3 13.4 32 4.0 2.7 67.3
HEZ Na'/K™ RNa'/K* 3.6 60.1 11.0 14.7 11.6 78.9

STS: Salt tolerance score; RRL: Relative root length; RSDW: Relative shoot dry weight; RRDW: Relative root dry weight; SWC: Shoot water
content; SNC: Shoot Na“ content; RNC: Root Na' content; SKC: Shoot K content; RKC: Root K content; SNa”/K": Shoot Na'/K " ratio; RNa'/

K*: Root Na'/K " ratio; The same as below

212 BB ETKEE RS ERENEXE
S oM M KA RN TR 11 A R
FHRIEPRIIARSCIE (2 3) , LB S MBS AR bR Z 1]
FAEAFIRR BRI o TR R 2050 AT M b3+
H AR TE B K 4R AR Z ] 2
IR TE AR O s AR 20501 5 TR 1) AR X

PR ELRFIEMSC . IO 5 EANa Y
R Na' & 5 A b 3 Na /K8 22 4% 2 3 A
5K, Forp bl B Na 5 B AR S R EUROR, -0.749,
FRAAXTARAC SR, b 3 Na* & it 5 HAR 4 MBS 24
PRI AR R AR . 126 B TR bR (0], i |
A Na' & i AR Na' & & SR B F IEARC, Hig S
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Hb 5 Na™/KFIAR £ Na /K 20 i 2 F A%, St
K R I A DG b Na /K
Na' & MR Na' i i R ZR Na /K 2 8 3% A
%, HHb b K E R R A S R Na /K
S5 FEB Na & & R R Na & & B Na /K3

R3 HAMEAETKTEEE S IERHIEX REGER

AR ARG, SRR KO AR R 3 T ok,
S KSR R e RS IR AR %
FEVRIAIFAE AN FIREE AR S, 2 S 8UH B2 ]
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Table 3 Correlation coefficient matrix of each index in rice at seedling stage under salt stress treatment

b FHEZ MR A T *Hf; ;‘?ig ;EJ;; Nf/; ﬁ”;g fjﬁ ;‘ﬁf/j N*ii

Indexes STS RRL RSDW . o
RRDW  SWC SNC RNC SKC RKC  SNa’/K* RNa'/K

[FEDEE 1.000

STS

EROEIRSIS 0.280* 1.000

RRL

AT AT 0.804%  0.312% 1.000

RSDW

AEXTHETHE 0.655%*  0.239 0.764%* 1.000

RRDW

Hb F 3 Kk 0.482%%  —0.184 0.403%* 0.442%* 1.000

SWC

Mo EFRNa SR -0.749%%  —0.211 —0.671%* -0.530%* ~0.471** 1.000

SNC

HLZ Na™ & i -0.478%%  -0.205 -0.507%*%  —0.404%* —0.264  0.769**  1.000

RNC

i KA 0.197 -0.135 0.360%* 0.381%* 0231 -0.309* -0.356*  1.000

SKC

WAK&E 0.023 -0.329% 0.097 0.191  0.488** 0.012  -0.106 0.183 1.000

RKC

M EFRNa/KS —0.444%%  0.024 —0.493%*%  —0358%* -0.254  0.603%*  0.615%* —0.748** —0.150  1.000

SNa'/K’

HLZ Na'/K* -0.225 0.152 -0.324% -0.302% —0.524%% 0.420%%  0.535%% —0.348% —0.617** 0.555%*  1.000

RNa'/K*

TR AR, FORTE0.01 /KT B RC , *FORTE 0.05 KT 1 A G

The values in the table are correlation coefficient (r*), ** indicates significant correlation at 0.01 level, * indicates significant correlation at the

0.05 level

2.1.3 EHMBLETABEEPERERNERS S
B i SPSS25.0 B 4%} 514y K AGAN R R IR 114
BN SR A AR AR T A b o S5 R, A
A4 F R R AEE I AE 0.84 UL |, BiFsiEkER N
82.093% (K 4) , O 7/ A& T RER - 46 bR K Ay
B 11 AN BTG AR A R 4 AT B9 ST 25 A R A5 o
551 F R (PCL) [ RFAFAE A 53 8RR 5 51k 4.940
F1144.909% , Forpih |3 Na & & AN b 318
it £h 2% ) b3 Na /K™ R 2 Na 35 2 AR X AR T
AT AR, W T 0.74, 255 1 ERirm £ &
VEFIN o 26 2 043 (PC2) AFAEAE A T k% 43
A 2.005 F1118.231% , R EZAEHHFRMRABAK
BT 0.756, 553 TR (PC3) Hidh FEBKS

BRI, 0.561, FFAEE AN 57 k2K 43 3]
F1.237 F111.247% . 55 4 F R4 (PCA) B HEAEL AN
TR 50 0.848 F17.706% , K 3 Na™ 7 H (2R 1iF
fHfc K, M 0.465,J& PCA I FEAERIN 7. 24 E
R 4 R P B A5 2, AT R I B Na & 1
A b b 3BT 5 i 2 ) L R Na /K AR R
Na' & 5 A X AR T2 6 M8 RRMESRE 11 M8 4r
Nt S

214 KEMREFESHEmEESESITEN A
PEHCEN (1 44~ LA 276 PR 43 3 2K
e o B st 1) SR Jeg R BB w (X)) , AR 4 4> Ty ot
ARSI RN AR UK 44T Eh 28 A 38 AR (R RL5)
FALER , 2351124 0.5470.,0.2221 ,0.1370 F10.0939., ¥
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TRERE PP DA AL L 0.236~0.722, £ 45 144
55 1~5 44 1) Bertone , % 1 881 K 11 26 4 19 5 Fl
Pokkali >4y & DAEFST, e D{E7E 0.678 LA |, R
AR AR R 255 HEAL 50 47~51 15 M 8 5 (4K
B 25 A OB AT 8 5 AL IT 79 A% DAE RN,
DAHITE0.345 AT, MR AR o

F4 BB FHTREFHREER . S EG IR

(=D e
Table 4 Load matrix of each factor, characteristic value

and contribution rate of each comprehensive index
under salt stress condition

. FI R
b Principal component feature vector
Indexes

PCl1 PC2 PC3 PC4
[DEDES 0.784 0367 0272 0.100
STS
AR 0.149  0.751  0.061 -0.228
RRL
AEXTH T 0.827 0310  0.170  0.205
RSDW
AEXTHE T 0.747  0.191 0273  0.353
RRDW
Hby_FFR K 0.614 -0371 0494  0.049
SWC
i 13 Na 7 i -0.847 -0241  0.040  0.237
SNC
A Na & i -0.756  -0.090 0269  0.465
RNC
K 0.567 -0.264 -0.561  0.456
SKC
WREKSE 0298 -0.756  0.346 —0.062
RKC
i |- #Na /K" -0.757  0.146  0.552 -0.048
SNa'/K*
& Na/K" -0.642  0.556  0.000  0.361
RNa"/K*
FRIE(H 4940  2.005 1237 0.848
Eigenvalues
IR (%) 44909 18231 11.247  7.706
Contribution rate
ZI Tk (%) 44909 63.140 74387 82.093
Cumulative contribution rate
PC: 5

PC: Principal component

215 DESHBAMREERERNESLERITS
B R 3o B A 20 R KRR v A 6 A H 2
HSRARR S A PP D (R A B8 DA

RIS TR0 (STS) A b | #T-H (RSDW)
FEXTHE T2 (RRDW) |8 Na™ % 2 (SNC) R &
Na“™ % 2 (RNC) Fl 3 Na7K*(SNa/K") 6 5 hx
VR B AR B T8 A 1S 434, 4 2 e A 000
T2 . D=0.326+0.006STS+0.003RSDW-+0.002RRDW-
0.002SNC-0.001RNC-0.005SNa* /K", #H % % ¥ R=
0.988, Tk & ZETR>=0.974, M )5 8 P &5 4645 B D
] U1 22850, & BT 6 25 551 R =35 Na/KC Rl 43 B
oA S WK A B T SRR B S 2 L T
Si e

2.1.6 BESW MIRAT MR 6T
XTERG PRI DA RIAE R O ) R ma A B, R e AR
A3 AR DR AR 1 1 AR A AE BRI A3 i LR
i) FITE] 2520 (6 5) o it R ) AR XS b b 38T 5
FARXTH T 3 MRS A5 ont DA R HEH AR R
B R A, Hrp AR X S EX DB B
FHHR K, 0.389; 3l B3 Na & 5 AR & Na & &l
M 13 Na' /K 34~ 848 hnx) DR i1 R4
Bl i, Horb b b3 Na & 6 D 9 B4 4E
R, N—-0.226 43 HTAT TS BR AT D (EL () () #2158
BRI AR bn T, T 5 20 53138 25 AH XoF
Hiy 13T FE X DAE A ()52 i i K, ] 2 42 R 5L
k9 0.312756; AHXT b1 38 A AR T 53 1 AH
HAE R DA, B35 5 3 Na' 5 55
BT DAE R Rl . 76 B FFabn b, i b Na
o A AR X B X DR B e A
(] 3230 72 250 0-0.261019; AR 2 Na“ & & Fil s |34
Na"/K* 32 2558 b AR 350 5 A X AR T 5
FESNa S E S DA, RIEEA IR L
PR, AR 35T 5 AR AR T B DAY H R
MR, i ER G DR ) ) 32 s i e K

2.2 SKCI#ZEHERSHMFBER S

22.1 SKCIREH FTFEBEKIEZERSHFM
S H#r Ak H ECOGEMS™ (http://venyao. xyz/
ECOGEMS) U4l i v 1612 153 4% 1 R A J5 #1446 14y
BF AR AR & SKCT L 8 X 5'-UTR 4 5
X 3-UTR VA K | F #2455 kb 2 (1) X 38, (Chrl ;
11453235 bp..11471062 bp )&%z 2RI 74347 o
S5 LR AR DR AR R T O R A T R P 41 L
BARSY , IR BUGAAE 0.1 LT, E LT 53 4h
3FOKFERAL(E 1) o SEPAFEAR L AR RS 95
{XAE SKCI T 5 kb {5 N A 2 4 X BT IR 2 4%
PR iR, At DX B A P 48 B IG5 AR A il
R AT TR A S B A AR e 22 S/ . B9/
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i ANFE AN Aws T A X — DXIRAAFAE 10 MR
ZREFEE>0.1 19 DX B, (H 430 (16 B RNV Bl A7 7E
— 25 o Aus BT AE SKCT 55 1.3 M40 i+
WO B | AT IR 2R TR 50.1 I X B 7E
B UANE TR AAAE L TR ZAEPEIR B0.2 19

£S5 HIMET 6 NEEIERS DEMBERESH

Fifr XBL RIS AT A= A5 15 SKCT A1 - R B
R TR Z AR RS, S0 A £ 21 F 34>
B TR ZHEIESR 801 (9 IXBL, HA A T35 1 4h
B IX BOR X 3 MUK R P A

Table 5 Path analysis among six essential indexes and D value under salt stress

ARG HHEAR

)i 42 R A IPC

|op S N
fjjjxes A FEC MRS AN BT E MR T E MBI NaE i AN S B Na/K i:;
SCC DPC STS RSDW RRDW SNC SNC SNa*/K*

[DEDES] 0.832 0.073 0.312756 0.249555 0.169274 0.068832 -0.040404 0.760013
STS
AHXT b T 0.917 0.389 0.058692 0.291084 0.151646 0.073008 —-0.044863 0.529567
RSDW
FHXTAR T H 0.871 0.381 0.047815 0.297196 0.119780 0.058176 —-0.032578 0.490389
RRDW
Hi B Na' & &5 -0.799 -0.226  -0.054677 -0.261019 -0.201930 -0.110736 0.054873  —0.573489
SNC

WAENa S H -0.647 -0.144  -0.034894 -0.197223 -0.153924 -0.173794 0.055965 -0.503870
SNC

b FNa /K" -0.494 -0.091 -0.032412 -0.191777 -0.136398 -0.136278 -0.088560 -0.585425
SNa'/K*

SCC: Simple correlation coefficient; DPC; Direct path coefficient; IPC: Indirect path coefficient

b

—— HifE Japonica
fliFE Indica
WiHFG wild
Aus

e

=
T

PG 2R
Nucleotide diversity

T FERRIX UTR
VT Exons

- SKC] F
-0.1¢ = i —— W& Introns
3 S Promoter
EE 125 .
&= 1.00 f
& 5075 M | P
= 20500 IH k'h" o g
E soast L Al N N
= 11455000 11460000 11465000
REH AL (bp)

Genomic postion
E1 SKCIRE L THEBEREAERAREBKEHRFRPOZERSFNE
Fig.1 Nucleotide diversity of SKCI and its upstream and downstream chromosomal regions in different
types of rice germplasm

222 SIKEMBREIRSKCI HBXBER S
. FIH DNAMAN Xf 51 4 KRG R s 95 5 SKC1 %
18 DX P A AT HOT , FEAG I 2 15 4> 2807 45, 3
SIARTESS LA Frp o SERAT 9 FOAS ] 1 B 78
(1 2A) , Hort Hap 1 B R SUBCRE Rg o B A5 7
A5 B Rh IR IR AR &2, 0 38 1, H 20 )4 A ok
ol 550 A0 18 03 460 et 1ty ol 5 20 5 Hap2 Hh A 25 /N B
M R FHAG T2 R B 2 11 5 RE AR b 5 o ST 2 8 5
Hap3 .Hap4 . Hap5 F1 Hap6 " 4542 1% 1 {3 BB R Flt it

A3 )R BB 15 HAT 8 5 L 3& Ll B AL AR A
Hap7 FH N i 5 KRS Nona Bokra B4, i 3 (73 Hl)
Fe5 il 5 Pokkali . %51 881 . 52 /K 7% H1 2 14y Aus it
Aus317 ., Aus426 21 i, ; Hap8 1 Hap9 &0 1 13 KIAH
P, 43900 A 9311 AT Hp Rl 91499 3 32 %iF 9 Fp L%
RIMZEA TR DB ZE 5 B8 1A, K 3 Hap4 (1)
DH 5 E K T RIAE 45 A Hap1 .Hap2 . Hap6 FIUAlIAF
5 Aus 2/ i) Hap7 . Hap8 . Hap9 ; Hap3 F1 Hap5 ) D
{02 E KT Hap7~9. i o 40477 9 Bl s A5 R 7 R
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f&

7

B 248

[ K A2 B o i A RN EL 51 (81 2B ),k IR AR 8%
Fh 5T 2 AT 4 Fp % 7 (Hap1 . Hap4 . Hap5 il Hap6) ,
FEFET by B ARSI BT 256215 3 AR, 43300
Hap1~3 F Hap7~9, Aus 1 Jii 2 22 Bk BLA% 7 Hap7,
TEREAR A B AP B b, Hapl (5 Hede oK, 0 86.95%, 7)
G 3 FPAAERY (& H YR 4.35% ; AE RS b Rl
2 Hapl 5 e K, N 85.7% , Hap2 1 Hap3 5 kb 43

+1
ATG

[ #aEfitX UTR

54 9.5% F14.8%. FEANFEFNETH, Hap7 /5 1 60%,
Hap8 F1 Hap9 4351 5 H 20% ; Aus Fl 5t XA Hap7,
HiH100% ., SKCT KD 30 H — 5 il Ao 1k 4
fiE:, Hap1 1 Hap7 43 57l J& BE RS AR b 19 DL 344547
LI U5 TORIAS 5 Aus B BLA5 T Hap7~9 3T 458
R E TN

—— W& T Introns

Bl 55 7 Exons

—_— -

A
LK O
WFEL RTRCE 382 387 388 390 418 510 551 615 902 994 1101 1102 1105 1119 1183
Haplotype ~ No.of  N/N N/NN/Y H/T P/A AR HR /R RM HN TT LV RP A/A LV
ACcCess1ons
Hapl 38 G PG M &Il G 6 G € G i
Hap2 2 G €6 CEe AGG GELE G C C
Hap3 1 G € & ¢ B G & g G £ i i G C C
Hap4 | G e e e e @ & C
Hap$ | Gt E EeCBE e E e & ¢ G B
Hapt 1 G "T" = © 4 G 4 G G & G (& B
Hap?7 3 G G G & B G A F G i @ c G
Hap8 1 A ol T G G G oM & o e G G C
Hap9 | AC G € G666 a aGg € & ¢ C

@ @ €.

BERTR AR

Japonica rice cultivars

o Hap2 [ tar3 N Hap4

Ry B iR

Japonica rice landraces

Hap5

y

ARl

Indica rice germplasm

AusTi
Aus rice germplasm

Hap7 [ Har? [ Horo

Hap6

A SUR /K FEFN T TR SKC1 G X AS[) S5 RS040 Fl D AR 22 5 b 25 1 3BT 5 382~1183 : SKCT I K i fiFh [X 22 T o5 5 22 FAv o B P RE R R IZTT
PR 25 SRR LR AL s 21 6 PR R Ren 251 HIGHE MAZ TR 22 25 L7 5 s AN JR/ING PR 3R A [l BRI 3 E Iy DB S 5 B35 (P<0.05) 5
B 9 Bl BfE B E A R AK S22 i 43 A1

A': Analysis of the distribution and D value differences of different haplotypes of the SKC/ gene coding region in 51 rice germplasm accessions;

382-1183: Polymorphic loci of SKC! gene coding region; The letters below the polymorphic loci indicate that nucleotide differences affecting

amino acid changes; The red font indicates that nucleotide polymorphic sites reported by Ren

[131; Different lowercase letters indicates significant

difference of D value at P < 0.05 level; B: Distribution of nine haplotypes in different rice types
B2 S1KEMRFESKCIEFAFBRERMAEDEEREZMS R IMAFRERE KBELREFNLSH

Fig.2 Analysis of the polymorphic loci and D value of SKC1 gene coding region in 51 rice germplasm resources and

distribution of nine haplotypes in different rice types

223 SKCIAEHBERmIXBIENREREEN
AT XS SKCT 9 FAS [m] HAE Y 6 A it 3k T 22
fe bl 5 3 B (3R 6) , & I Hap2 il Hap9
YR 5 2% 51) 1o 2 =5 T B% Hap1 \Hap7 .Hap8 Z #hiy H:
{4 Fl Bf5 7Y s Hap3 . Hap4 . Hap6 4T £5.2% 5] . 2%

F Hapl . Hap2 . Hap7 . Hap8 #l Hap9. Hap9 A AH X%}
My BT H R 255 T Hap3~6; Hap4 (19 AH X b |35
T 5 i &% T K% Hap3 .Hap5 . Hap6 Z ZM ) HiAth 5 Fb
AR Hap9 1A X AR T 5 & 25 & T BR Hap7.
Hap8 Z A ) HiAth 6 A BL A% Y s Hap3~5, 3 Fl L5 7Y
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A AE AR T B S I T 55 7 Hap7~9. HapS b
S Na S, M 98.97 me/g, B % T Hap2.
Hap8 Fll Hap9. Hap6 ,Hap8 Fll Hap9 [ & Na* 75 it
R TBR Hap7 Z MR HA 5 Fh #4575 s Hap4 B4R

PR Na'/K e, 13,12, 535 15 T oAt 8 Fh B A5 7Y 5
A6 AR Aws i R R0 ) 1 3 F 85 ) Hap7 |
Hap8 ,Hap9 #ty -3 Na'/K" i 3 X TR 54584 Hap4
il Hap6., 975 326 1 Fr) KRR 5 5 B4 8 Hap2 , il R 5%

Z Na & fe s, 112,13 me/g, B35 5 T % Hapl .
Hap2 Fl Hap5 Z &} HAth 5 Ffr 4% 7

H == o

Hap4 b |
*6 IEMETSKCIAERERMEXBIEREREEESN

Table 6 Significant difference analysis of key indexes among different SKCI haplotypes under salt stress

Aus Tif £5 FA% 7 Hap7~9 7] FH T 40 N 28 A K R 1)
ST ERPE R

Lkl Mg A EERTE (%) AR T E (%) M FENa T (mg/g) MR Na Eh(mg/g) M FFBNa'/K”
Haplotype STS RSDW RRDW SNC RNC SNa"/K"
Hapl 5.13£1.07ab 67.44+20.61abcd 58.25+22.34bc 72.03+20.05ab 75.67+37.59ab 3.94+2.48cd
Hap2 5.60+0.48a 74.47+4.58abc 51.80+9.80bc 72.50+0.14b 83.13+16.49ab 3.2240.24cd
Hap3 1.76£0.11c 48.85+3.04cde 26.93+0.58¢ 80.35+2.08ab 81.08+1.01b 4.11+0.81cd
Hap4 2.30+0.52¢ 31.14+1.95¢ 28.26+2.21c¢ 93.67+1.00ab 112.13+0.53a 13.12+0.73a
Hap5 2.80+0.69bc 40.89+0.93de 33.94+2.29¢ 98.97+0.88a 96.75+2.18ab 5.73+1.12bc
Hap6 1.55+0.26¢ 53.33+4.16bcde 57.80+1.56bc 79.24+1.67ab 58.44+1.15¢ 8.93+0.81b
Hap7 4.98+1.05ab 76.70+15.80abc 89.68+6.91ab 72.55+31.44ab 65.20+23.87bc 2.41+1.64cd
Hap8 5.03+0.57ab 80.67+0.60ab 88.02+1.41ab 61.11+0.62b 66.30+3.13¢ 1.74+0.33d
Hap9 5.50+0.60a 87.40+1.93a 97.14+0.72a 60.13+0.48b 58.28+1.28¢ 2.51£0.57cd

ARIRIBIANF]/ING Bl 7R N [ BAS R 2 6B5 22 53 35 (P<0.05) s 48R AU A (HAR i 22078

Different lowercase letters in the same column indicate significant difference of this index among different haplotypes (P<0.05) ; + represents

Mean+SD
3 itig

3.1 KTEEHAMT R M A B R SRR AR IF

TS e o J5 T 08 7 326 T 24 R S KR T 3 75 i )
HEWMRNEZ— o MR 18 bR A9 5 2
AKAE AL G5 H A ECE B H R LR S

FIE . HhME KR T2 B S
o B R AU (ROS) ™22 ZERE Na ' KRS Al

B IR A LR R E AR KT
TEARFZEAN T ER ] R FET 38, AR

K FRR AR EAR T T, SRS, T
WK AR 1 52 FE AR R KR F RS RO 5 fr T
B 7 TR B WS A5 SRR R, AT N TR R
ol o5t T R P S P O S DA o S WK R I e 4
ROS ZFUFI [ 1 4 A0 A B 9 2 500, 4 1,0, 5%
O, &t N RS it R 4% H 48 % .SOD .POD
CAT \LOX ZF 4T A Bl 15 P, D) 3= 294 1K g b K
Fe it ER BT A AAIL G 35 T 2K A D s B A AN
RAR T LR AL BT o 88 F 8 5 SR /KR 40 i
2R E Y B R R, 3 A R R A T KR
ANFF B Na® K5 i, 7158 Na /K HE R AT A 307
A N R R N A e B O =0 B 1 04 N R S s 2
2 28 9 S 2 502 e 2 PP AKCRE 1 U i 2 ) i

o FEARZ KRN T e A, A BE 4 5¢
BRI — B UORE R F E TRV — 0. 3
PSS LL 20 1K i R AR X 42, S8 2 A fAS
(] v 5 A R Ah B 7 3 A 2R A S EL A AR X
SRR 2 A BTN R AR s R 5K E P
JAET IR KRR B I P A9 B A 5 Ui
[ S5 IS e BTN R 1) M b K R R X AR
Ko K REAHR A F 3 A AR 6T EE T AR PR AR A K
43 BRIV R T 34 B 4 1 b S I K A v
Wi ER PPN . Zheng S FEPEAr 341 B R A 5
TR B A ER PR W T 4 A7TE R (SDS) Al
M K /Na R S bR . AR 320
I3 AT I IR 3 6 455 AR 1 IO 6 2% DI AH G i 4
bR, 25 G H A ERELE AR DIES 6 N8RRI Z
A mT A A3 Ar 1 1) TS R 25 51 A | 358 Na™/K A4~
Az L 7K A T B S e 1) S B TR 25 2 R B 1
FEbRo X433 I [E R Zheng 5 (WAIF5E 45
AR —5K.
3.2 SKCI#%HERZHESKEYIK

TEK R YA R T A AR BN Tk e
A LR 2H Y LN B BRI T R DR A IR 2 AR
FINEEA FEPRIATR PO Lu 503 1o o W I A 855 A K
g g B A A 12 XF YLk B 101 AN F R 2T
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ARG IRAR 5B, R IIE 0 E K R R IR Y
TS, B RS K (B3 71X, Hik#
WK & TS X, X e SR R B e Ik
K TR kL BRALSEAR MR WA R LT
WL R, 40 OsEPSPS (B H ) . OsMYB15 (Tiif 9&
PRI AGO2™ (Tt k1) , YItE IR sh F IR E BT 34
T [ B 5 AR (o7 o5, 38 2o R L IR 1 3Rk ok R A
YrrEoiRg . HAT, TR RGN $h 5L R 1 9L 5T A
S B T FIR I AGO2 Z 4h , Deng 253 BiF 58 &
PR K R 5% S i) R 1 RST1 (OsARF18) i i #11 il
OsAST 5% 4 ) A5 A AR 5 24 RSTT DB SR BT,
AR HE R MR i 2R i 5 R A NH, LR
PE R K RELEER A N A AFBE ) o RSTT KIS A%
TR ZAEPE SUR T % YL R 28 105 T 5 [
P, AWF5E ] ECOGEMS Bk 4t 2058 143 A [
KRUKFERN BT GEIR , 00r T SKC1 K 1R i S kb
X3 AR R 2 R,k PR RS b SR R 1741 L
BARSY , ZREPEFR SR ZAE 0.1 IR (B 1), B 1K
FHF ARG RIS Aus B 5 10 HL 51O RIZEALK
T 5 0 U5 SKCT G 5 DX 7 0 BT . % B, B ARG
R T 154> Z WA H L A AR AN Y 1
FERE AR R B R TR b 5 5 Hapl (o EE Y 7E 85%
DI b, BRI IA/EL AR 7 (K2) , KB SKCI B
AR I AR A, U AR YA A v, AT RE A2 3
TERRIAEE SN T ik, i — DT SKCT A
K 3 R ) 43T A B2, A R IIAL 2 1
B BB AE AL, AT Ay iR KR A A 1 T R A
Bt
3.3 SKCIRBEXAFRLEREmMEERNXR
PSSR AE— 25 8 BEAR A L B 4K i B 0
RS IE R (BRid) AR IR AL A0 . EVEY s
2, E BT B AL R R S B U ) & i ) 5 A
T Re b AN, SCEE R A /KR ik 3 R
S S RIH L )y T, He % 1E OsHAK21 iR 2h+
[X.2036 bp {7 K il 2| — 4~ 55 Eh JPhia TRk 5
IEAH Y HA5 7 Hap3 (45 2036T SNP) ; Deng %5
WF5E & PR LA 7R RST 1 W RRAR 1 HL 4 ) 2 19 0 5%
ST U 5 1 S R AR T K R i R LR 4
Tne SKCIJEE 1Ak A 7 B A 7 e 1 300 i 5 25
,Ren 5 IS HGE T 78 G 5% X AE7E 4 1~
ARG SEIR I ) SR 1L, 23 BT ATG 5 418 bp
551 bp.994 bp F1 1183 bp 4k, 51 T SKC1 & 1 1Y
Na #5132 %0% 5 i 5 4l 75 Nona Bokra FLA5% Y 1) 3
TREN T i B LT SR SR AR O, R B

5 PR AR M o PN B8 SEUSTE X 21 4 K e R B T
U525 R0 A T BRI 25 PO B i 3 R 43 A
AR, & B SKCT A it £R Bk it Al o0 e S
ZIaE B 2R, EEEPE Fik 4 RA NS, B
L0 B AR 43k . Krishnamurthy 287 F) B /1
341 MR ZH A RIFE MAGIC BEAM T T SKCI 1Y
PARERY RGN R 3 B LS A (0 =55 2Z [ Eh N T
G NIRBERABE X TR G S8 5 2
SKCI BHAE IR S . ABTFZEFIH 51403 A [
TR KRR Tl 5 W X SKC'T 3 PR 4t A X3 7 4 A
FEAGIN 3 O FOR R Y BAE7R , HH JE H
(1) Hap2 &40 H 9 1A A7 T 6 B A 78, I 25
B DY 35 55 T Hap4, HAE 6 D k5 bR rp it
R AT b b8 HR Ml 35 Na ™% i 44 Hapl
Boh A, AT RS SKCT RN B . Hap4 SRl
FerH i 1 R ER B ERAE Y (L S B T 8 5 1y
FIST, 25 A HEAA 56 50 44, 6 D CE R AR B R B 2=
S A HUAE 14 3 Fh B 750 Hap7~9 23 B0 H A 4 (4 1
Wy EVE , o Hap7 RIS AR S B AP
I FH T HAT BRI T
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